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ABSTRACT
Soybean [Glycine max (L.) Merr.] seed contains an immunodomi-

nant human allergen P34 or Gly m Bd 30k (mentioned as P34) of the
cysteine protease family. Of approximately 16 266 accessions from
USDA soybean germplasm screened, 12 P34 null lines were identified
among soybean (G. max), wild annual (Glycine soja Sieb. and Zucc.),
and wild perennialGlycine spp.Glycine sojawere low P34 expressers,
while G. max and wild perennial species had nondetectable levels
of the allergenic protein. Further investigation of G. max nulls by 2D-
IEF/SDS PAGE showed all primary seed proteins present indicating
that the loss of P34 was not due to large scale restructuring of protein
content. Southern and northern analysis showed no large insertions or
deletions to render the gene nonfunctional. The cDNA of bothG. max
nulls each showed the same six point mutations indicating the two nulls
have a single origin. Of these six single nucleotide changes, four are
predicted to result in an amino acid alteration. One such alteration re-
sults in a serine being replaced by a cysteine residue. The introduction of
a cysteine residue might produce a mismatched disulfide bond forma-
tion producing an unstable P34 protein in the null soybean accessions.
The isolation and introgression of soybean lines with low allergen levels
will provide the basis for developing a low allergen line incorporated
with other agronomically desirable traits in a breeding program.

SOYBEAN is grown primarily for production of seed,
which has a multitude of uses in the food and indus-

trial sectors. It represents one of the major sources of
edible vegetable oil and protein in the food industry.
However, soybeans contain allergenic proteins, making
it one of the major food sources that cause allergies to
sensitive individuals (Herman, 2004). In the USA and
Europe, nearly 5 to 8% of babies and 2% of adults are
reported to be allergic to soybeans (Heppel et al., 1987);
therefore,millions of infants (babies)must avoid soybean-
based formula andbaby food (Cantani andLucenti, 1997).
Further, the increased use of soy proteins and their de-
rivatives in a wide range of processed foods limits soy-
sensitive individuals in their choices of soy free processed
foods. Currently, the primary treatment for food allergies
is to avoid the food source causing the allergy. Although
recently enacted labeling laws will assist in identifying
foods with soy content, it will still be difficult to avoid soy
protein because of its extensive usage in a wide range of
processed foods (Herian et al., 1993; Tsuji et al., 1995).

Soybean allergic reaction in humans is primarily atopic
(skin) reactions and gastric distress which can range from
mild to severe and is rarely life-threatening, although there
are some reports of soy-induced anaphylaxis (Foucard and
Malmheded, 1999).

Soybean possesses about 15 proteins recognized by
IgEs from soy-sensitive people (Burks et al., 1989; Ogawa
et al., 1991, 1993). The dominant soybean allergens consist
of P34 and the a-subunit of conglycinin. P34 is a unique
member of the papain superfamily of cysteine proteases
lacking the catalytic cysteine residue that is replaced by a
glycine (Kalinski et al., 1992; Herman, 2005). It is most
strongly and frequently recognized by the IgE antibodies
in sera of soy-sensitive patients with atopic dermatitis
(Ogawa et al., 1991). In several IgE binding studies, more
than 65% of soy-sensitive patients react only to P34 pro-
tein (Ogawa et al., 1991, 1993; Helm et al., 1998, 2000),
suggesting that the 34-kDa protein is themajor allergen in
soybean and a target allergen for producing low-allergen
content hypoallergenic soybean. Epitope mapping of P34
showedat least 12distinct epitopes onP34protein through
immunological analysis of its allergenicity (Helm et al.,
1998 as reported byYaklich et al., 1999). P34 is a relatively
minor seed constituent comprising less than 1% of total
seed protein. The lack of P34 in soybean would eliminate
a large portion of the allergenicity of soybean seeds.

The function of P34 in soybeans is not known with the
exception of its role in syringolide elicitor binding activity
in disease resistance (Cheng et al., 1998). The P34 protein
consists of 379 amino acids having homology to thiol pro-
teases (Kalinski et al., 1990). In soybean seed, P34 is
post translationally processed from a 46-kDa precursor
protein after seed germination. Seed thiol proteases are
synthesized only after seed germination, whereas P34 ac-
cumulates during seed maturation. Electron microscope
immunochemistry with a monoclonal antibody demon-
strated that P34 is localized in the protein storage vacuoles
but not in the oil bodies (Kalinski et al., 1992). It is mod-
erately abundant in soybean seed and cotyledons but is
found in low levels in leaves.

Using cosuppression gene silencing technique, a trans-
genic soybeanwas produced inwhich P34was eliminated
(Herman et al., 2003). These soybean plants had ap-
parently identical seed composition, development, struc-
ture, and phenotypic characters as that of nontransgenic
plants, indicating that P34 protein is not required for
seed protein processing or maturation. However, regu-
latory difficulties and the lack of acceptance of geneti-
cally modified soybeans by the baby food and formula
industry makes using such an allergen-suppressed soy-
bean difficult at the present time.

An alternative approach would be to identify low-
allergen content soybeans in the soybean germplasm.
An initial attempt to find soybeans lacking P34 by screen-
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ing a limited number of domesticated and wild soybean
relatives was negative (Yaklich et al., 1999). A similar sur-
vey of Japanese lines did not produce any P34 null lines
(Ogawa et al., 2000). In this paper, we have extended this
approach by screening the entire USDA national soy-
bean germplasm collection (except Japanese lines that
has been previously surveyed) with the aim of identifying
a naturally occurring soybean with reduced or, preferably,
absent P34. We report here that we have identified two
soybean and three wild perennials that are P34 nulls and
sevenG. soja in which some are nulls and some have sig-
nificantly low levels of P34. The two G. max accessions
lacking the P34 protein are characterized.

MATERIALS AND METHODS

Seed Material

Approximately 16 266 accessions from the USDA Glycine
collection (Urbana, IL) consisting of soybean (G.max), its wild
annual (G. soja), and wild Glycine perennial relatives were
screened to identify accessions with low or no P34 expression.
Individual seed of each accession was used as starting material
to extract total protein as the allergen of interest is expressed
highly in seeds. Seeds of the wild annual and perennial rela-
tives of soybean were weighed to 0.5 g for the assay because of
their smaller size.

Seed Processing and Immunoblotting for P34 Assay

Pulverized seed from each accession was added to 1 mLTBS-
Tbuffer [0.05MTris, 0.5MNaCl, pH7.4with 0.05%(v/v)Tween
20 (polyoxyethylene sorbitan monolaurate)] and incubated for
30 min on a shaker (200 rpm) at room temperature.

Immuno-blot assay of the seed extracts was done by a rapid
and large scale method as follows: A 10-mL aliquot of each
sample extract was dot-blotted on a nitrocellulose membrane
(0.45 mm; Fisher Scientific) with a P34 positive control sample
(cv. Kunitz). To check for equal loading of the samples on the
blots,membraneswere stainedwith Ponceau S solution (Sigma,
St. Louis, MO) for 1 min and rinsed in double distilled water.
The membrane was incubated in TBS buffer (0.05 M Tris and
0.5 M NaCl, pH 7.4) for 5 min and blocked (10% nonfat dry
milk powder in TBS buffer) for 1 h followed by rinsing twice
in TBS buffer for 5 min each. The membranes of G. max and
G. soja seed extracts were incubated in P34 protein specific
monoclonal antibody P4B5 (diluted 1: 5000 in TBS-T buffer
with 0.1% milk powder) for 1 h. The blots of wild perennial
Glycine spp. were incubated in P34 specific monoclonal anti-
body P3E1 (Herman et al., 1990). The membranes were
washed extensively in TBS-T buffer and incubated in the sec-
ondary antibody [antimouse IgG (Fab specific) alkaline phos-
phatase conjugate (Sigma)] diluted 1: 10 000 in TBS-T buffer
with 0.1% milk powder for 1 h and rinsed in TBS-T buffer and
TBS buffer once each. The P34 protein was detected by a color
substrate system [BCIP/NBT: final concentrations 0.02% (w/v)
5-bromo-4-chloro-3-indolyl phosphate and 0.03% (w/v) nitro
blue tetrazolium in 70% (v/v) dimethylformamide] (Sigma).

One-Dimensional Protein Analysis

Twelve P34 null accessions identified from the screen were
analyzed by one-dimensional sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE; Laemmli, 1970).
Total soluble protein was extracted from soybean seeds accord-
ing to Sambrook et al. (1989). Protein content was determined

by Bradford (1976) assay. Five and 10 mg of protein was loaded
onto 4 to 18% (w/v) SDS-PAGE gradient gels and electropho-
retically separated for a western blot and gel staining, respec-
tively. Seed extract from cv. Kunitz was included as a positive
control. Protein gels were stained in 0.1% (w/v) Coomassie
Brilliant Blue R250 in 40% (v/v) methanol, 10% (v/v) acetic
acid overnight, and destained for approximately 3 h in 40%
methanol and 10% acetic acid. Replicate gels for all three sam-
ples were electroblotted to Immobilon-P transfer membranes
(Millipore, Bedford, MA) for Immunoassay analysis. Blots were
blocked (3% milk in TBS) overnight at 48C and incubated with
1:1000 dilution monoclonal antibody P4B5 specific to the P34
protein (Herman et al., 1990) for 1 h at room temperature. Blots
were washed in TBS buffer and incubated with the secondary
phosphate-conjugated antimouse antibody (1:10 000 dilution)
for 1 h. Antibody detection was performed using chromogenic
substrate as described above. The same immunoassay procedure
was done on a replicate gel with a second monoclonal antibody
P3E1 that binds to a different active site from that of first mono-
clonal antibody P4B5. Two different monoclonals were used for
the test to ensure that nonbinding ofmonoclonals to protein was
not due to the absence of a single active site in case of a altered
P34 protein.

Two-Dimensional Protein Analysis

Total protein was isolated from mature seeds according to a
modified phenol method (Hurkman and Tanaka, 1986; Hajduch
et al., 2005). Seeds (0.5 g) from three soybean accessions (Ku-
nitz,G. max PI603570A, andG. max PI567476) were ground in
liquid nitrogen and resuspended in 0.5 mL of Tris buffered
phenol (pH8.8) and 0.5mLof extraction buffer containing 0.1M
Tris-HCl pH 8.8, 10 mM EDTA, 0.4% (v/v) 2-mercaptoethanol,
and 0.9 M sucrose. Protein pellets were washed as previously
described (Hajduch et al., 2005) and solubilized in a DeStreak
rehydration solution (GE Healthcare, Pittsburgh, PA). Protein
was quantified by Bradford assay. Total protein extract (150 mg)
was loaded onto an 11 cm immobilized pH gradient (IPG) gel
strips (pH 3–10 nonlinear) (BioRad, Hercules, CA) and allowed
to hydrate overnight. Isoelectric focusing (IEF) was performed
for a total of 40 kVhwith a Protean IEFCell (BioRad). The IPG
strips were equilibrated according to manufacturer’s procedures
(BioRad). Second dimension SDS-PAGE gels (8–16% linear
gradient) were run on a Criterion Cell (BioRad) for 15 min at
60Vand then at 200V for 1 h. Blotting and subsequent immuno-
detection with a P34-specific monoclonal antibody were as pre-
viously described.

Southern Analysis

Genomic DNA was isolated from leaf tissue according to
the CTAB (cetyl trimethyl ammonium bromide) method of
Doyle and Doyle (1990). Ten micrograms of genomic DNAwas
digestedwith eitherHaeIII orEcoRI, separated on a 0.8% (w/v)
agarose gel for approximately 11 h and subsequently trans-
ferred to a positively charged nylon membrane (Amersham,
Buckinghamshire, UK) using 0.4 M NaOH as both a transfer
and denaturing agent (Sambrook et al., 1989). Blots were hy-
bridized in a modified Church’s buffer (Church and Gilbert,
1984) consisting of 7% (w/v) SDS, 0.5 M sodium phosphate
pH 7.2, and 0.5 mM ethylenediaminetetracetic acid (EDTA).
A P34 gene specific probe was produced with Rediprime II
random priming labeling kit (Amersham) with [a-32P] dCTP
(New England Nuclear) and 25 ng of a 1.1-kb amplicon of P34
as a template. Unincorporated nucleotides were removed with
a Micro Bio spin 6 chromatography column (BioRad) and the
probe denatured at 958C for 5 min and hybridized overnight

R
e
p
ro
d
u
c
e
d
fr
o
m

C
ro
p
S
c
ie
n
c
e
.
P
u
b
lis
h
e
d
b
y
C
ro
p
S
c
ie
n
c
e
S
o
c
ie
ty

o
f
A
m
e
ri
c
a
.
A
ll
c
o
p
y
ri
g
h
ts

re
s
e
rv
e
d
.

1756 CROP SCIENCE, VOL. 46, JULY–AUGUST 2006



at 658C.Membranes were exposed toBioMax autoradiography
film (Kodak, Rochester, NY) for 2 d at 2808C.

The hybridization probe was produced by PCR in 25-mL
final volume that contained 200 mM each of dATP, dCTP,
dTTP and dGTP and 1mM MgCl2, 13 buffer (ABI), 1 mL of
1 U mL21 VENT polymerase (New England Biolabs, Ipswich,
MA), 2 mL of cDNA, 5 mM of the upstream P34 primer cor-
responding to the region from base 1 to 23 (sequence 59-TT
ATGGGTTTCCTTCTGTTGCTT-39); and 5 mM of the down-
stream P34 primer corresponding to bases 1148 to 1175 (se-
quence 59-CAAGCACTCGTTGTATTGAACCTTTAA-39).
PCR cycling parameters were 948C for 10 min and then 45 cy-
cles of 948C for 30 s, 558C for 45 s, and 728C for 1 min, followed
by a final extension at 728C for 10 min. The PCR product was
isolated by the gel extraction kit (Qiagen, Valencia, CA). (Bases
are numbered according to GenBank accession 05560).

Northern Analysis

Total RNA was isolated as described by Cashmore et al.
(1978) with the following modifications. Briefly, five 150-mg
cotyledons from the two P34 null accessions of interest (G.max
PI603570A andG.max PI567476) and from a control (cv. Jack)
were ground in liquid nitrogen and resuspended in 15 mL of
homogenization buffer [0.25M sucrose, 0.2MNaCl, 0.1MTris-
HCL (pH9.0), 10%(w/v) sarkosyl, 100mMb-mercaptoethanol]
followed by the addition of 15 mL of phenol/chloroform (5:1,
pH 4.5) (Ambion, Austin, TX) and, in turn, 1 mL of 3M sodium
acetate (pH 5.2). After precipitation in a final concentration
of 2M LiCl, the RNA pellet was resuspended in RNase-free
water. Fifteen micrograms of total RNA was run on 8% (v/v)
formaldehyde gel with 13 MOPS (103 MOPS: 200 mM
MOPS, 50 mM sodium acetate, 10mMEDTA, pH 7) as running
buffer at 115 V for 2.5 h. The gel was blotted using capillary
action (Sambrook et al., 1989) and 103 SSC. Production of a
P34 specific probe and hybridization were as described in
Southern analysis.

Cloning and Sequencing

Primers were designed to amplify the P34 open reading frame
from the known soybean P34 1.1-kb cDNA sequence (GenBank
accession J05560), the same as was used in Southern probe pro-
duction. PCR conditions were as described above for probe
production. PCR was performed as described above in the pro-
duction of a probe for hybridization analysis. Amplification
products were purified with a gel extraction kit (Qiagen) and
cloned into the Topo vector (Invitrogen) both according to the
manufacturer’s instructions. Transgenic bacterial colonies were
selected on 50 mg/mL kanamycin-containing media overnight
at 378C and multiplied for plasmid extraction (Miniprep Kit,
Qiagen) and analyzed for the presence of an insert by diges-
tion with EcoRI. Sequencing reactions were subsequently per-
formed on plasmids identified to contain the desired inserts.
Sequencing reactions consisted of 500 ng plasmid DNA, 2 mL
BigDye version 3 (ABI Foster CA), and 1mL 100 ng/mLprimer
(IDT technologies, Coralville, IA). To get a good coverage of
the sequence, universal primers M13 forward and reverse as
well as the following internal gene-specific primers were used:
forward primer bases 251 to 278 (59-ATCACCCCATTCTC-
ATCGTTTAGGATT-39), forward primer bases 331 to 354
(59- CTCCCAAGGATCTCTCGCAGCAA-39), reverse primer
bases 902 to 934 (59-GCTGAACCATAACCCACAAGTAA-
AACAAAGTG-39) and reverse primer 964 to 988 (59-TCTC-
CCCAATCTTCTCCCCATGAA-39). (Bases are numbered
according to GenBank accession J05560). For each of the two
G. max null accessions, four clones were sequenced and analyzed

to compile an accurate overall sequence. Sequencing cycling pa-
rameters were: 948C for 30 s, 508C for 15 s, and 608C for 1.5 min
repeated 34 cycles. The resultant amplification products were
cleaned by Sigmaspin post-reaction clean-up columns (Sigma)
dried in a speed vacuum and analyzed (Washington University,
St. Louis, MO). Sequence alignments were performed by Vector
NTI program.

RESULTS
Survey of the Soybean Collection

The rapid method of dot blotting samples enabled us
to screen about 100 seed samples in a day which in-
cluded the protein extraction and dot blotting. From the
screen, 12 accessions that were low or null for P34 were
identified consisting of two G. max, seven G. soja, and
three wild perennial Glycine species (Table 1). The P34
nulls obtained from the immuno-dot blots were subse-
quently analyzed by SDS-PAGE/western blot and con-
firmed to have lower than control levels of P34 allergen.
Figure 1 shows the 12 accessions of interest in both 1-
dimensional protein profile and western blot. All seven
G. soja accessions appeared to have low levels of the
P34 protein compared with cv. Kunitz (Fig. 1Aii), while
the two G. max and the three wild perennial accessions
seem to be devoid of the allergen protein (Fig. 1Cii and
1Bii, respectively).

Immunoblot Analysis of Selected Accessions
The two accessions that emerged from the screens of

particular interest are the G. max P34 nulls: PI603570A
and PI567476. To determine if a large scale variation in
protein production was the underlying cause of the near-
absent P34 levels in the seeds of these two accessions,
2-D SDS/PAGE and immuno-blot analysis was per-
formed on total protein isolated from the seeds from
these two accessions and compared with that of control
(cvKunitz). As can be seen in Fig. 2Aii, a standard level of
the allergen P34 is readily detectable at approximately
34-kDa molecular weight and in the acidic pH range. In
contrast, both G. max null accessions demonstrated con-
siderably reduced levels of the P34 allergen (Fig. 2 Bii and
Cii). The minuscule levels of the P34 allergen detected in
the mature seeds of the two null accessions did not occur
with a corresponding vast alteration in the seed proteome
as can be seen in the 2-D SDS/PAGE gels stained with
Coomassie blue (Fig. 2Ai for control proteome and
Fig. 2Bi and 2Ci for P34 null accessions proteomes).

Table 1. The total number ofGlycine accessions screened for P34.

No. screened P34 (1) P34 (2)

Glycine max
Plant introductions 13199 13197 2†
Ancestral varieties 91 91 0
Recent cultivars 849 849 0
Glycine soja 1114 1107 7‡
Wild perennial Glycine spp. 1013 1010 3§
Total 16266 16254 12

†PI 567476, PI 603570A.
‡PI 407128, PI 407230, PI 407255, PI 407259, PI 407262, PI 407264,
PI 407270.

§ PI 446991 (G. tomentella), PI 509462 (G. clandestina), IL 0956 (G.
clandestina), (University of Illinois number).
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These results indicate that the reduction, to the extend of
virtual elimination, of the major seed allergen P34 in the
twoG. max accessions, PI603570A and PI567476, is likely
not due to a mutation in something that caused massive
expression differences in the seedproteinprofile, suchas a
transcription factor, but rather, that the mutation likely
only effects the production of the P34 protein.

Southern Genomic Blot Analysis of the P34 Nulls
Southern blot analysis was performed to elucidate if a

genome level mutation, a large insertion or deletion per-
haps, in the P34 gene was the underlying cause of the
near-absent P34 protein levels in the seeds of the two
G. max accessions of interest. From analysis of pub-
lished P34 sequences (GenBank accessions AB013289
and J05560) it was predicted that the restriction enzyme
HaeIII would cleave the open reading frame of the P34
gene once at position 5005 and again 59 upstream of the
gene at position 3763 (numbers according to genomic
clone accession AB013289), thereby liberating a frag-
ment of predicted 1242 bp size. As can be seen from
Fig. 3, cv. Jack was used as control as is commonly used in
soybean genomics and contains standard levels of the
P34 allergen in its seed. When genomic DNA was di-
gested with HaeIII and probed with 1.1-kb open read-

ing frame of the P34 gene, the expected approximately
1.2-kb band is seen in cv. Jack (Fig. 3, Lane 1), but the two
G. max P34 null accessions show a slightly larger than
1.2-kb band (Fig. 3, Lane 2 and 3). Also, the other band
seen in the HaeIII digest is approximately 1.6 kb in cv.
Jack (Fig. 3, Lane 1) but larger than that in the two
G. max accessions studied (Fig. 3; Lanes 2 and 3). Like-
wise the digest of EcoRI liberated an unexpected small
fragment, approximately 650 bp, as the EcoRI restric-
tion enzyme is not known to cut within the open read-
ing frame of the P34 gene. The appearance of this band
could be due to the infamous star activity of EcoRI, and
hence the expected band size from this digest cannot be
determined. As with the findings from theHaeIII digest,
digested genomic DNA sample of cv. Jack has a slightly
smaller molecular weight than does either band liber-
ated in the twoG. max accessions when subjected to the
star activity of restriction enzyme EcoRI. The Southern
blot analysis indicates that there is some small (less than
300 bp) alteration either in the open reading frame of the
P34 gene or in its somewhat immediate surroundings.

Northern RNA Blot of the P34 Null
Because the Southern blot indicated that there might

be a small alteration in the DNA in or around the P34
gene, northern blot analysis of total RNA isolated from

Fig. 1. One-dimensional protein profile and western blot analysis of P34-low expressing accessions. Total protein was extracted from mature seeds,
separated on a 4 to 18% (w/v) gradient gel, stained with Coomassie blue [in each case upper figure (i)], and a replicate gel blotted for immuno-
detection using the P34 specific monoclonal antibody. Control cv. Kunitz is compared with seven accessions ofG. soja (A) three wild perennials,
* IL 5 University of Illinois no. IL0827 (PI509462), IL 0612 (PI 446991), IL 0956 (PI not known) (B) and two G. max accessions (C).
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green mature cotyledons was performed to see if the
production of the P34 transcript was altered in the two
G. max accessions of interest. As seen in Fig. 4, both the
level of expression and length of the P34 transcript in the
two G. max accessions studied (Lane 2 and 3) are com-
parable to that of standard levels of cv. Jack (Lane 1).
This indicates that transcription of the P34 open reading
frame is complete and to the same extent in the two null
accessions as in control soybean seed.

Sequence Analysis of the Genes of the G. max
P34 Nulls

The P34 open reading frame from the two G. max ac-
cessions of interest were cloned and compared with that
of the known published full-length P34 cDNA sequence.
Figure 5 depicts a predicted amino acid alignment of the
two P34 null G. max accessions identified in this study
to that of the known amino acid sequence of the open
reading frame of P34 (GenBank accession J05560). In the
1.14-kb open reading frame, both accessions were found
to have six single nucleotide alteration in the sequence
(GenBank accession DQ324851), which are predicted
to result in four amino acid substitutions. Specifically, at

position 218, a C-T transition resulted in serine72 to be
converted into a leucine; position 477 changed from G-C
transversion, resulting in arginine158 to be converted into
serine; position 593 a C-G transversion, resulting in ser-
ine197 to be converted into cysteine; and at position 606
a G-C transversion, resulting in glutamine202 to be con-
verted into histidine. There are also two silent mutations
at nucleotides 645 and 825 which are not predicted to
result in an amino acid change and hence of no interest
(numbering as GenBank J05560).

DISCUSSION
Food allergies are rapidly growing in the industrialized

countries with a doubling rate of less than 10 yr (Gupta
et al., 2003). Reason for the rapid rise in food sensitivity
in the population of industrialized but not developing
countries is a subject of debate and speculation. Soybean
is among the eight most significant food allergens and
with its increasing use in processed and prepared foods
integral to the diets in the industrialized world, the grow-
ing soybean sensitivity in both infants and adults results
in a broadly significant dietary impact.

Fig. 2. Proteome analysis of two G. max P34-null accessions by 2-dimensional protein analysis. Proteins were separated using a pH gradient from
3.0 to 10.0 in the first dimension and 4 to 16% (w/v) gels in the second. Total proteins were detected by Coomassie blue stain [in each case, upper
gel (i)] and a western blot performed on a replicate gel using P34-specific monoclonal antibody [in each case lower blot (ii)]. The cv. Kunitz
(A) was used as a positive control and compared with the two P34-null accessions G. max PI603570A (B) and G. max PI567476 (C).
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There are three general approaches to manage food
allergies: avoidance, treatment, and low allergen-content
food. Currently, the primary approach in managing food
allergies is avoidance and with increased labeling re-
quirements recently enacted intoU.S. law, avoidance will
bemore easily practiced.However, avoidance is still very
difficult when the consumer has no control over the in-
gredients such as in restaurants where the consumer
has no access to the supplier’s labels. With thousands of
processed foods containing soybean in the U.S. and Eu-
ropean market, avoidance greatly reduces the food op-
tions for sensitive individuals. There are a number of
strategies for medical treatment of food allergies being
developed including new drugs and immunotherapy.
These are showing promise in tests; however, when or
if these will be available remains uncertain. The third
general approach is to produce and/or discover soybeans
and other allergenic foods that have reduced, or are null
for allergen content. Such varieties of an allergen null–
reduced soybean could be especially valuable for uses in
baby formula where the soy-content constitutes 100% of
the diet and where there are limited alternatives if the
infant is also milk protein sensitive.
This project is a part of an experimental approach to

mitigate food allergies by identifying low allergen lines
of soybean. Herman et al. (2003) previously showed that
biotechnology is technically suitable to greatly reduce

endogenous allergenicity. However, regulatory require-
ments and other factors make it difficult to introduce
genetically modified allergen-reduced foods into the mar-
ket, especially for uses in infant formula or food where
both producers and consumers have resisted using any
biotechnology-derived components. Elimination of the
P34 protein would reduce the majority of the soybean
allergen content and the geneticmodification experiments
indicate that its elimination of P34 is a tolerated change.
Two previous soybean surveys of limited lines failed to
identify any P34 null or reduced accessions (Ogawa et al.,
2000; Yaklich et al., 1999).

After surveying the entire USDA soybean collection,
we identified only two nulls in G. max for the soybean
seed allergen P34. The two G. max accessions we have
identified contain only a very small amount of P34 pro-
tein shown in the 2D IEF/SDS-PAGE immunoblots. The
soybean is an archeopolyploid and contains additional
genes derived from an unknown genome. These addi-
tional genes can be weakly expressed and we speculate
that the low level of P34 protein detected is located in

Fig. 3. Southern blot analysis of total DNA from G. max P34 null
accessions. Samples were digested with eitherHaeIII or EcoRI and
probed with a 32P-labeled 1.1-kb P34 amplicon. Banding pattern
was compared with that of a control cv. Jack.

Fig. 4. Northern blot analysis of G. max P34 null accessions. Total
RNAwas isolated from mature cotyledons and probed with a 32P-
labeled 1.1-kb P34 amplicon. Upper panel is the ethidium bromide
stained gel for a loading control. The cv. Jack was used as a control.
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the other genome that is greatly suppressed. Even con-
sidering the small level of protein that may be derived
from the other genes, the P34 content of these two lines
is less than 1% of the standard level that is consis-
tently observed across the soybean collection (Yaklich
et al., 1999).
Both theG. max null accessions express an apparently

full length mRNA of the same size as that of soybean
lines that do accumulate P34. Similarly, Southern blots
of genomic DNA probed with a P34 indicates the geno-
mic fragments containing P34 is the same size in both
the controls containing P34 and the two null accessions.
This suggests that the defect of the G. max null acces-
sions is one of translation, since the gene is transcribed
producing a full length mRNA. To elucidate the cause
for the lack of P34 accumulation in the nulls, the open
reading frame was cloned and sequenced from cDNA
produced from total RNA isolated from mature coty-
ledons of the two P34 null accessions and compared with
previously identified P34 sequence. The data show that
the two null accessions have identical predicted amino

acid sequences, indicating that they are most likely de-
rived from the same mutant. The predicted amino acid
sequence of the P34 null accessions differ in four resi-
dues from the control sequence. Albeit, one of these
alterations, serine72 to leucine, occurs in the pre-pro-
polypeptide portion of the molecule (Kalinski et al.,
1990, 1992), and so it likely is not involved in the mech-
anism by which the mature P34 protein is not functional
in the seeds of the two isolated null accessions. Since
two independent immuno-detection screens were per-
formed to identify the two P34 null G. max accessions
on the basis of two different monoclonal antibodies, al-
though the exact epitopes recognized by the monoclo-
nal antibodies are not known, it has been previously
determined that they are at least 3 kDa apart (Herman
et al., 1990). Hence the three amino acid substitutions
found in the mature P34 protein in the two null G. max
accessions are likely too close to one another in the
sequence to be altering a single epitope region. There-
fore, the most likely scenario for the lack of the P34
allergen in the two P34 null accessions is the notable

Fig. 5. Comparison of predicted amino acid sequences of the seed allergenP34 from twoG.maxP34 null accesssions. The pre-determined pre-pro peptide
sequence is underlined. Translation of the P34 cDNA obtained from GenBank accession J05560. * denotes an alteration in the amino acid sequence.
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change from serine197 to cysteine. Since cysteine resi-
dues are known to be of paramount importance in disul-
fide bond formation, which in turn ensures correct overall
three-dimensional structure, it is postulated that with the
addition of a cysteine residue the protein misfolds and
hence would be inactive in the soybean seed. Numerous
studies have been performed to show the importance of
cysteine residues in protein function by way of correct
disulfide bond formation (Garofalo et al., 1991; Tarnow
et al., 2003).
Future work includes screening of the P34 null lines

to test for allergenic reaction using sera of soy-sensitive
patients and using animal models. The accessions we
have identified have potential to overcome some of the
impediments to using low-allergen soybeans in processed
foods. The prospect for biotechnology to introduce food
allergens is widely used by critics of genetic modification
of foods as one of their primary arguments against this
technology. By incorporating these newly identified non-
genetically modified nulls for the major soybean allergen
into elite germplasm via conventional breeding, it by-
passes the genetic modification problem and presents an
opportunity to develop a desirable commodity. The re-
sults of this research are crucial in areas where genetically
modified soybeans cannot be used without controversy,
such as in baby food and formula. Soybean lacking P34
has an important role because of its implications as a
paradigm to use biotechnology as a means to eliminate
allergens from food that benefits humans and in animal
feed. Also, because these soybeans are naturally occur-
ring accessions obtained from the soybean collection the
P34 null trait can be crossed into other germplasm to pro-
duce elite or stacked trait lineswithout any biotechnology-
derived component.
The P34 null trait from theG. max, as well as the prod-

ucts of introgression, could be stacked with other desir-
able traits in improving soybean quality. This research is
the first broad, systematic, comprehensive analysis of a
major allergen of any crop that has been undertaken with
the goal of introgressing the allergen-null trait into elite
breeding lines. In addition, this research project demon-
strates the value of maintaining extensive collections of
major crop domesticates and their wild relatives to pro-
vide additional value-added traits that can be incorpo-
rated in products needed by consumers.
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